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SPECIFICATION 




ORTHOGONAL FREQUENCY MULTI-CARRIER TRANSMITTING 



TECHNICAL FIELD 

The present invention relates to a transmitting apparatus and method 
using an orthogonal frequency multi-carrier as in the case of, for example, 
OFDM (Orthogonal Frequency Division Multiplexing) or OFCDM 
(Orthogonal Frequency Code Division Multiplexing) in a mobile 
communication system. 

PRIOR ART 

In communications via ground wave propagation paths it is to be 
hoped to enhance the frequency-band utilization efficiency and to lessen the 
influence of multi-path. As one method that meets the requirements, there is 
utilized an OFDM modulation system using a multi-carrier. Fig. 18 shows 
an example of a conventional transmitting apparatus using the OFDM scheme. 
The OFDM signal transmitting apparatus are generally composed of a 
serial-to-parallel converting part 12, an inverse Fourier transform part (which 
is shown as IFFT in Fig. 18) 13, a parallel-to-serial converting part 14, a 
guard interval inserting circuit 15, a main carrier generator 16, an 
up-converter 17, and a high-frequency power amplifier 18. 

A symbol sequence Xq, x b . . . of a symbol rate 1/T (T being a symbol 
period), which is input to an input terminal 6, is converted from serial to 
parallel form every N symbols in the serial-to-parallel converting part 12 to 
obtain a set of N parallel symbols x 0 (i), x^i), . . ., x N _i(i). The integer i is a 
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parameter indicating an i-th serial-to-parallel conversion. These parallel 
symbols are handled as N sub-carriers of a frequency interval 1/T as shown in 
spectral form in Fig. 19, and they are subjected to inverse Fourier transform 
(for instance, IFFT) processing in the inverse Fourier transform part 13 to 
5 obtain N time domain signals, thereby providing base band signals s t o(i), s t i(i), 
s tN _!(i) each using one of the N modulated sub-carrier as its frequency 
component. 

The parallel signals are converted by the parallel-to-serial converting 
part 14 to a serial signal sequence (a time-series signal), in which a guard 

10 interval GI is inserted, for example, every packet, in the guard interval 

inserting part 15, then its output is applied to the up converter 17, wherein it is 
mixed with a main carrier signal of a frequency f c from the carrier generator 
16 and up-converted, and the up-converted output is amplified by the 
high-frequency power amplifier 18, thereafter being fed to an output terminal 

15 19. 

In the OFDM signal, by setting the frequency interval of the 
sub-carrier signals at 1/T (T being the symbol period) as mentioned above, the 
sub-carrier signals are orthogonal to each other, and hence they can easily be 
separated by FFT at the receiving side. 

20 Since the OFDM signal is basically a multi-carrier signal, there is the 

possibility of occurrence of large peak power according to the phase of each 
sub-carrier signal. For example, when N sub-carrier signals are all added in 
the same phase, a peak power N times larger than the average power is 
generated. Since distortion occurs with the peak power beyond a linear 

25 operation input range of the high-frequency power amplifier 18, if the average 
operating power of the amplifier is set low (i.e., the backoff is increased) 
relative to its maximum power so that an expected peak power becomes equal 
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to or lower than the maximum power of the amplifier, there arises a problem 
that the power amplification efficiency is impaired. To avoid the, it is to be 
wished to reduce the peak power of the multi-carrier signal. 

For example, in Japanese Patent Gazette No. 3235769 there is set forth 
5 a technique for reducing the peak power of such a multi-carrier signal, though 
not the OFDM signal. In this Japanese patent, peak reduction is 
implemented by: detecting peak components exceeding a permissible peak 
level, which is a transmission peak level permissible in the system, from 
multi-carrier signal outputs; converting the detected peak components to 

10 respective transmitting sub-carrier frequency components; and subtracting the 
converted signals from respective sub-carrier modulated signals. 

In the technique described in this Japanese patent, however, since the 
OFDM signal or OFCDM signal is not assumed in the form of the 
transmitting multi-carrier signal, no account is taken of the case where the 

15 frequency interval of the sub-carries is 1/T, and there is not shown a 

configuration using IFFT or FFT. Furthermore, when there is in the band of 
the OFDM signal a sub-carrier that cannot be used for the reason that it is 
used by a different user, it cannot be expected to produce a sufficient peak 
power reduction effect by the technique of the above-mentioned Japanese 

20 patent. 

Accordingly, an object of the present invention is to provide an 
orthogonal frequency multi-carrier transmitting apparatus capable of reducing 
the peak power of a multi-carrier transmitting signal such as the OFDM signal 
or OFCDM signal, and a transmitting method using the transmitting 
25 apparatus. 

SUMMARY OF THE INVENTION 

According to the present invention, an orthogonal frequency 
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multi-carrier transmitting apparatus and method, in which plural symbols to 
be transmitted are arranged on the frequency axis as plural sub-carrier signal 
components having a frequency interval equal to the symbol rate, then 
converted to time domain signals, then up-converted, and transmitted after 
5 power amplification, are characterized in that the peak component of the 
transmitting power is suppressed by: performing inverse Fourier transform 
processing of said plural sub-carrier signal components to transform them to 
plural time domain signal components; comparing each of said plural time 
domain signal components with a predetermined permissible peak level to 

10 detect peak components exceeding said permissible peak level; 

Fourier-transforming said peak components to frequency domain components 
corresponding to said sub-carrier signal components; and subtracting said 
frequency domain components from said plural sub-carrier signal components. 
By this, it is possible to achieve high frequency utilization efficiencies by the 

1 5 orthogonal frequency multi-carrier transmission and reduce the peak power 
and hence increase the power efficiency of the high-frequency power 
amplifier. 

According to the present invention, further, the peak components of 
the time domain are detected by: setting said peak components are set at zero 

20 when the levels of said time domain signal components are equal to or lower 
than said permissible peak level; using the differences between said time 
domain signal components and said permissible peak level as said peak 
components when the levels of said time domain signal components exceeds 
said permissible peak level. 

25 According to the present invention, further, deterioration of the 

received characteristics can be suppressed by the providing a 
Fourier-transformed output signal control part which compares the level of 
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each of said frequency domain components from said Fourier transform part 
with a predetermined peak-reduced signal permissible level, and controls the 
level of said each frequency domain component to become equal to or lower 
than said peak-reduced signal permissible level. 
5 According to the present invention, further, the power efficiency can 

be increased by determining said permissible peak level in accordance with 
the level of the power-amplified transmitting signal. 

According to the present invention, further, other transmitting 
apparatuses are enabled to use the same sub-carrier sets by: copying each of 

1 0 said plural symbols to a number SF equal to the value of a spreading factor 
SF; spreading said copied outputs by spreading codes; and outputting the 
spread outputs as said plural sub-carrier signal components. 

According to the present invention, further, plural symbols are each 
copied to a number SF equal to the value of a spreading factor in each of 

1 5 plural routes to which plural symbols are input, then said plural copied 
outputs of each route are spread by a different spreading code, and the 
corresponding components of the respective spread outputs of said plural 
routes are combined and output as said plural sub-carrier signal components, 
whereby plural users are enabled to use the same sub-carrier sets on the same 

20 transmitting apparatus and the frequency utilization efficiency can be 
increased. 

According to the present invention, further, by spreading said 
combined outputs by a long code and outputting the spread outputs as said 
plural sub-carrier signal components, transmitting apparatuses in plural base 
25 stations are enabled to use the same sub-carrier sets, and hence the frequency 
utilization efficiency can be increased. 

According to the present invention, by repeatedly performing peak 
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reduction processing until the levels of all of said plural time domain signal 
components become equal to or lower than said permissible peak level, it is 
possible to hold deterioration of the received characteristics within a 
permissible range to maintain the peak power at a value equal to or smaller 
5 than a prescribed value. 

According to the present invention, it is possible to simplify the 
configuration of the transmitting apparatus and increase its processing speed 
by reading out the time domain signal components corresponding to said 
sub-carrier signal component from a memory in which there are stored time 
1 0 domain signal components that are obtained when peak reduction processing 
by said inverse Fourier transform, said peak component detection, said 
Fourier transform and said subtraction is performed in advance for each 
possible combination of the respective sub-carrier components until peak 
components become equal to or lower than said permissible peak level. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram illustrating a first embodiment of the 
transmitting apparatus according to the present invention which uses OFDM. 

Fig. 2 is a block diagram showing an example of the configuration of a 
20 peak component detecting part 22 in the Fig. 1 embodiment. 

Fig. 3 is a flowchart showing the transmitting procedure by the 
transmitting apparatus of Fig. 1. 

Fig. 4 is a block diagram showing a modified form of the Fig. 1 
embodiment. 

25 Fig. 5 is a block diagram illustrating a second embodiment of the 

present invention. 

Fig. 6 is a block diagram showing the configuration of an FFT output 



control part in the Fig. 5 embodiment. 

Fig. 7 A is a diagram depicting examples of peak-reduced signals. 

Fig. 7B is a diagram depicting examples of peak-reduced signals after 
peak level suppression. 
5 Fig. 7C is a diagram depicting examples of peak-reduced signals 

repeatedly subjected to peak level suppression. 

Fig. 8A is a diagram depicting plural different permissible levels for 
the peak-level-reduced signals. 

Fig. 8B is a diagram depicting examples of permissible levels for 
10 peak-reduced signals, set for each segment. 

Fig. 9 is a block diagram illustrating an embodiment of the 
transmitting apparatus according to the present invention which uses 
OFCDM. 

Fig. 10 is a block diagram illustrating a modified form of the Fig. 9 
1 5 embodiment. 

Fig. 1 1 is a block diagram illustrating a first embodiment of a 
receiving apparatus adapted for use with the transmitting apparatus of the 
present invention. 

Fig. 12 is a block diagram showing an example of the configuration of 
20 a peak reduction part 52 in Fig. 1 1 . 

Fig. 13 is a block diagram illustrating a second embodiment of the 
receiving apparatus adapted for use with the transmitting apparatus of the 
present invention. 

Fig. 14 is a block diagram showing an example of the configuration of 
25 a peak-reduced signal generating part 54 in Fig. 13. 

Fig. 15 is a block diagram illustrating a third embodiment of the 
receiving apparatus adapted for use with the transmitting apparatus of the 
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present invention. 

Fig. 16A is a graph showing the peak reduction effect for the 
transmission symbol in the Fig. 1 embodiment. 

Fig. 16B is a graph showing characteristics of received signals 
5 transmitted from the Fig. 1 embodiment. 

Fig. 1 7 is a graph showing the effect produced by the Fig. 1 
embodiment. 

Fig. 1 8 is a block diagram for explaining a conventional transmitting 
apparatus using OFDM. 
1 0 Fig. 19 is a diagram for explaining the band of a sub-carrier in OFDM. 

BEST MODE FOR CARRYING OUT THE INVENTION 
FIRST EMBODIMENT 

Fig. 1 illustrates a first embodiment of the transmitting apparatus 

1 5 according to the present invention for use in a mobile communication system. 
This embodiment differs from the conventional configuration of Fig. 18 in the 
addition thereto of: a pilot generating part 9 for generating a pilot; a 
multiplexing part 1 1 that multiplexes the pilot and transmission symbols 
provided to the terminal 6 and provides the multiplexed output to the 

20 serial-to-parallel converting part 12; a permissible peak level setting part 21 
for setting a permissible peak level C^; a peak component detecting part 22 
for detecting peak components exceeding the permissible peak level Qh from 
the outputs of the inverse Fourier transform part 13; a Fourier transform part 
23 that performs Fourier-transform processing (FFT in this case) of the peak 

25 components; subtractors 24 0 to 24 N _i for subtracting the outputs from the 
Fourier transform part 23 from the input signals to the inverse Fourier 
transform part 13. The pilot is multiplexed with the transmitting signal so 
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that it is disposed at the beginning of each frame, and on the receiving side it 
is used to estimate transmission line characteristics. 

The peak component detecting part 22 is supplied with the permissible 
peak level C th from the permissible peak level setting part 21, and subtracts 
5 the permissible peak level value Cth from the levels of respective time domain 
signal components s t o(i) to s tN .i(i) output from the inverse Fourier transform 
part 13 to thereby generate peak components u t o(i) to u t N-i(i). In the case 
where the level of the time domain signal component s t k(i) is equal to or lower 
than th permissible level C t h, however, the corresponding peak component 

10 u tk (k) is set at zero. These peak components u t0 (i) to u tN -i(i) are transformed 
in the Fourier transform part 23 to frequency domain components Ufo(i) to 
UfN-i(i), and the thus obtained frequency domain components are subtracted by 
the subtractors 24 0 to 24 N .i from input signals s ro (i) to SfN_i(i) to the inverse 
Fourier transform part 13. The subtracted output signals are subjected again 

15 to inverse Fourier transform (IFFT in this case) processing in the inverse 

Fourier transform part 13, and peak components of the output therefrom are 
detected again in the peak component detecting part 22. 

The above-mentioned peak component detection and the processing 
for subtracting the detected peak components from the inputs to the inverse 

20 Fourier transform part 13 are repeated until every inverse Fourier transform 
output level (time domain signal component level) becomes equal to or lower 
than the permissible peak level C t h- At the time when the levels of all the 
peak components becomes equal to or lower than the permissible peak level 
Cth, the peak reduction processing is stopped, and the outputs from the inverse 

25 Fourier transform part 13 at this time are converted by the parallel-to-serial 
converting part 14 to one time series and output as an OFDM signal as in the 
case of Fig. 18. Normally, the OFDM signal is generated by inserting the 
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guard interval GI into the converted output in the guard interval inserting part 
15 as described previously with respect to Fig. 18. The OFDM signal is 
converted by the up converter 1 7 to a radio- frequency signal, which is 
amplified by the high-frequency amplifier 1 8 and output therefrom. 
5 Fig. 2 shows an example of the configuration of the peak component 

detecting part 22. The peak component detecting part 22 is made up of N 
peak component generators 22 0 to 22 N _i. Letting an input signal Sf(i) to and 
an output signal S t (i) from the inverse Fourier transform part 1 3 for an i-th 
converted output from the serial-to-parallel converting part 12 in Fig. 1 be 

1 0 expressed by 

Sf(i) = (Sfo(i), s fl (i), SfN_i(i)) (1) 
S t (i) = (sto(i), s t i(i), s tN .,(i)) (2) 
Each element s tk (i) of the output signal from the inverse Fourier transform 
part 13 can be expressed by the following equation by use of each element 

15 Sfn(i) of the input signal Sf(i). 

s*(i)= ^Z^Oy 2 ^ 7 " (3) 
N n =o 

where k=0, 1 , . . ., N- 1 . 
Letting the peak component U t (i) to be generated in the peak component 
detecting rt 22 be expressed by 
20 U t (i) = (uto(i), u tl (i), u tN .,(i)) (4) 

Each peak component generator 22 k generates the peak component Utk(i) that 
is defined by the following equation using the permissible peak level Cth set in 
the permissible peak level setting part 21 . 

0, for |s tk (i)<C th | 



u tk (i)= ' 



Stk(0-s tk (i) | %tt > for |s tk (i)|>C th (5) 
|s t hO)| 
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Each component u fn (i) of the frequency domain signal Uf(i) = (uro(i), Ufi(i), . . 
UfN-i(i) obtained by the Fourier transform processing of the peak component 
U t (i) in the Fourier transform part 23 is expressed by the following equation. 

Ufn(i)= N Zu tk (i)e- j27tkn/N (6) 

k=0 

5 Accordingly, each element s' fn (i) of the peak-reduced input signal S'f(i) to the 
inverse Fourier transform part 1 3 that is generated by the subtractors 24 0 to 
24 N .i is expressed by 

s'fn(i) = S fn (i) - U fn (i) (7) 
As referred to above, this updated input signal S'f(i) to the inverse Fourier 

10 transform part 13 is repeatedly subjected to processing of Eqs. (3), (5), (6) and 
(7) until every peak component U t (i) defined by Eq. (5) becomes zero. 

In the OFDM system, for example, when a signal by another user is 
mixed in the band, interference can be avoided by inhibiting the signal output 
to that output end of the serial-to-parallel converting part 1 2 corresponding to 

1 5 the frequency of the mixed signal and by setting the corresponding input to 
the inverse Fourier transform part 13 at zero. In this instance, since not all 
of the sub-carrier components is used, a peak component exceeding the 
permissible peak level may sometimes remain unreduced by only one iterate 
of peak reduction processing. By repeating the peak reduction processing as 

20 in the present invention, however, the peak power can be reduced to a value 
equal to or lower than the permissible peak level. Further, as is evident from 
the above-described peak reduction procedure, the number of sub-carriers in 
OFDM is not limited. 

Fig. 3 shows the procedure of the transmission method that performs 

25 peak reduction processing in the Fig. 1 embodiment. 

Step S 1 : Perform serial-to-parallel conversion of the input symbol sequence 
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of the symbol period T to be transmitted to obtain N sub-carrier signal 
components Sfo(i), s fl (i) ? SfN.iO) of the frequency interval 1/T. 
Step S2: Perform inverse Fourier transform processing of the sub-carrier 
signals Sfo(i), Sfi(i), SfN.i(i) to obtain time domain signal components s t0 (i), 
5 s tl (i), s t>M (i). 

Step S3: Make a check to see if the level j s tk (i) | of every time domain 
signal component is equal to or lower than the permissible peak level C t h, 
where k=0, 1, ...,N-1. 

Step S4: If the level | s tk (i) | of even one signal component is larger than C th , 
10 obtain the peak component u t k(i) by Eq. (5). 

Step S5: Perform Fourier transform processing of the thus obtained peak 
components u t o(i), u t i(i), . u t N-i(i) to obtain frequency domain components 
Ufo(i), Ufl(i) ? . . UfN_i(i) of the peak component. 

Step S6: Subtract the frequency domain components u ro (i), Ufi(i), U fN-i(i) of 
15 the peak component from the sub-carrier signal components s ro (i), Sn(i), 

Sm-i(i)? then set the subtraction result as updated sub-carrier signal 

components s ro (i), s n (i), sfN-i(iX and return to step S2. 

Step S7: When it is decided in step S3 that the level | s tk (i) | of every time 

domain signal component is equal to or lower than the permissible peak level 
20 C t h, perform parallel-to-serial conversion of the time domain signal 

components s t0 (i), s u (i), s t N-i(i) at that time to a time-series signal. 

Step S8: Up convert the time-series signal by a carrier of a frequency f c to 

generate a high-frequency signal. 

Step S9: Power-amplify and transmit the high-frequency signal. 
25 As described above, what is important and characteristic of the present 

invention is to repeat more than once or more as required the loop of: 
detecting that peak components of the time domain signals obtained by 
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inverse Fourier transform processing which exceed the permissible peak 
level; performing Fourier transform processing of these peak components to 
obtain frequency domain components; and subtracting the frequency domain 
components from the subcarrier signal components of the corresponding 
5 frequencies. 

Fig. 4 illustrates a modified form of the first embodiment shown in Fig. 
1 . The illustrated modification differs from the first embodiment in that the 
permissible peak level C t h, which is relative to the average power, is changed 
with the transmitting output from the power amplifier 18. This embodiment 

10 is identical in construction with the Fig. 1 embodiment except the above. 

The peak power reduction method of the present invention normally 
employs baseband processing. On this account, the permissible peak level 
C t h, which is used for peak power reduction processing, is set as a value 
relative to the average transmitting power, not as an absolute value that is 

1 5 actually output from the transmitting power amplifier 1 8. In mobile 

communications, the transmitting output is usually changed with a change in 
the received level that is caused by the position of the mobile station. 
Accordingly, when the permissible peak level C t h is set as a relative value as 
mentioned above, the absolute value of the permissible peak level varies with 

20 the transmitting output. 

On the other hand, when the transmitting output is sufficiently smaller 
than the maximum output of the transmitting power amplifier 1 8, even if the 
use of OFDM creates a larger peak power, power consumption is not so large 
in some cases. Since the reduction of peak power usually leads to 

25 deterioration of received characteristics, there are cases where it is 

advantageous from the viewpoint of the entire system configuration to 
suppress the reduction of peak power when the transmitting power is small. 
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In view of the above, the Fig. 4 modified embodiment constructs an 
efficient system by use of the permissible peak level setting part 21 by which 
the permissible peak level C t h relative to the average transmitting power is set 
at a small value when the transmitting power is large and at a relatively large 
5 value when the transmitting power is small. 
SECOND EMBODIMENT 

Fig. 5 illustrates a second embodiment of the present invention. This 
embodiment differs from the embodiments of Figs. 1 and 4 in the provision of 
a Fourier-transformed output control part 3 1 for controlling the value of the 

10 Fourier-transformed output signal in accordance with the peak-reduced-signal 
permissible level, and a permissible level setting part 32 for setting the 
peak-reduced-signal permissible level P Lt h in the Fourier-transformed output 
control part 3 1 . The Fourier-transformed output control part 3 1 has, as 
shown in Fig. 6, an adder 31 A, a comparison/level reduction processing part 

15 3 IB, and a storage part 3 1 C. 

In the present invention, respective outputs Ufo(i), . . UfN_i(i) from the 
Fourier transform part 2 correspond to the peak-reduced signals that are 
inserted in respective sub-carrier signals. This embodiment controls the 
level of the peak-reduced signal by the Fourier transform output control part 

20 31 for each sub-carrier, thereby lessening the influence on received 
characteristics. 

In the case of applying the peak power reduction method of the 
present invention to the OFDM signal, the levels of resulting peak-reduced 
signals Ufo(i), . . UfN-i(i) vary from sub-carrier to sub-carrier as depicted in 
25 Fig. 7A. In this case, the generation of a peak-reduced signal larger than the 
signal power will degrade the corresponding sub-carrier receiving 
characteristics. In this embodiment, as shown in Fig. 6, the permissible level 
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setting part 32 sets the peak-reduced-signal permissible level P Lth3 and the 
comparison/level reduction processing part 31 A compares, for each 
sub-carrier, the peak-reduced-signal permissible level P Lth and each of the 
generated peak-reduced signals u ro (i), u fN . 1 (i); when the level of a 
5 peak-reduced signal exceeds the peak-reduced-signal permissible level P Lt h, 
the peak-reduced signal of the sub-carrier concerned is set at zero or a level 
equal to or lower than the peak-reduced-signal permissible level P Lt h- An 
example of the peak-reduced signal in this case is shown in Fig. 7B. The 
thus processed peak-reduced signals u'fo(i), . . ., u'fN_i(i) are stored in the 
10 storage part 3 IB in Fig. 6, and these signals are subtracted by the subtracting 
parts 24 0 , . . ., 24 N _i from the input signals to the inverse Fourier transform part 
13 to thereby suppress the peak power of the output signal from the inverse 
Fourier transform part 13. 

In this instance, since the peak-reduced signals of some sub-carriers 
15 are set at zero, a peak component exceeding the permissible peak level occurs 
again. Then, this residual peak component is detected and 
Fourier-transformed again, and this Fourier-transformed output signal is 
added to the corresponding peak-reduced signal stored in the storage part 3 1C. 
The peak-reduced signal added with the Fourier-transformed output signal 
20 and the peak-reduced-signal permissible level P Lt h are compared again for 
each sub-carrier in the comparison/level reduction processing part 3 IB, and 
the peak-reduced signal of that sub-carrier is set at zero or a level equal to or 
lower than the peak-reduced-signal permissible level P Lt h.. 

By repeating the above signal processing, it is possible to suppress the 
25 level of the peak-reduced signal to be inserted for each sub-carrier and to 
suppress the peak power of the transmitting signal. 

While in the above description the perk-reduced-signal permissible 
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level is common to all the sub-carriers, it may be set at a different value for 
each sub-carrier as described below. 

In the mobile communication, transmitting power control is aimed at 
improving the receiving characteristics and increasing the system capacity, 
5 and in the OFDM transmission, too, it is now under study to change the 
transmitting power for each sub-carrier in accordance with the condition of 
the transmission line. When the transmitting power differs for each 
sub-carrier as mentioned above, degradation of the receiving characteristics 
can be prevented by lowering the peak-reduced-signal permissible level for 
10 the sub-carrier of small transmitting power. For example, as shown in Fig. 
8 A, the peak-reduced-signal permissible levels Puho> • ••> PuhN-i may be set so 
that S/N of the transmitting signal becomes constant. 

On the other hand, as regards the transmitting power control for 
OFDM transmission, it is also possible to employ such a method as shown in 
15 Fig. 8B, which breaks down the OFDM signal into Ns (2<Ns<N-l) segments 
SGj, . . ., SG Ns and controls the transmitting power for each segment. In this 
case, it is effective to adopt a scheme that does not send signals for the 
segment, for example, SG^, corresponding to the transmission line of bad 
conditions, but instead allocates the resulting excess transmitting power to 
20 other segments corresponding to transmission lines of good conditions. In 
such a transmission mode, by raising the peak-reduced-signal permissible 
level P Lt hk in the frequency band of the segment for which no signal is sent, 
and by gathering peak-reduced signals in this band, it is possible to lower the 
level of each peak-reduced signal in the band in which the signal is sent — this 
25 permits further suppression of deterioration of the receiving characteristics. 
THIRD EMBODIMENT 

While in the above the present invention has been described as being 
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applied to the transmitting apparatus using OFDM, Fig. 9 shows a third 
embodiment of the invention applied to OFCDM. This embodiment has a 
configuration wherein, in the Fig. 1 embodiment, copying parts 25 1 to 25j are 
connected to J=N/SF parallel outputs of the serial-parallel converting part 12 
5 and SF copied outputs from each copying part 25j (l<j<J, JxSF=N) are 
multiplied by multiplies 27 0 to 27 N _i by a spreading code from a spreading 
code generating part 26 and provided to the adders 24! to 24 N .i; this 
embodiment is substantially identical with the Fig. 1 embodiment except the 
above configuration. In this embodiment, however, the pilot generating part 

10 9 and the multiplexing part 1 1 are provided, and the multiplexing part 1 1 

inserts pilot symbols into the transmitting symbol sequence, and provides the 
output to the serial-parallel converting part 12. SF is called spreading factor, 
which is an integer equal to or greater than 1 . 

In the OFCDM system the outputs from the copying parts 25 1 to 25 j 

1 5 are spread by a user-specific short code and a long code specific to the cell to 
which the base station using the transmitting apparatus belongs. In the Fig. 
9 embodiment, the spreading code generating part 26 generates, as the 
spreading code, the result of multiplication of the short code and the long 
code, and provides one chip to each of the multipliers 27 0 to 27 N .i every N 

20 chips for multiplication by the N outputs from the copying parts 25 1 to 25 N .j, 
and the multiplied outputs are provided to the corresponding ones of the 
adders 24 0 to 24 N .i, respectively. The subsequent peak reduction processing 
is the same as in the Fig. 1 embodiment, and as indicated by the broken line, 
the set value of the permissible peak level C t h in the permissible peak level 

25 setting part 21 may be changed with the average power of the high-frequency 
power amplifier 1 8 as in the case of the Fig. 4 embodiment. 

In the Fig. 9 embodiment, too, the total number of outputs from the 
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copying parts 25 1 to 25j is N=JSF, and for the symbol period T of the input to 
the serial-to-parallel converting part 12, N outputs from these copying parts 
are handled as sub-carrier signal components of the frequency interval 1/T. 
In this embodiment, setting the spreading factor SF at an integer equal to or 
5 greater than 1 and equal to or smaller than N, the input symbol sequence is 
converted by the serial-to-parallel converting part 12 to J=N/SF parallel 
symbols, and each of these J outputs is copied by the copying part 25j to a 
number of SF copies, which are transmitted as SF sub-carrier signal 
components. Accordingly, if SF is equal to or greater than 2, it is possible to 
10 obtain the diversity effect at the receiving side, but the signal transmission 
rate is reduced accordingly. 

The transmission procedure by the transmitting apparatus of the Fig. 9 
embodiment can be carried out by adding steps of copying each symbol to a 
number of SF copies and spreading a total of N thus generated symbols by a 
1 5 spreading code to the Fig. 3 procedure after the serial-to-parallel conversion 
in step SI . The thus spread N symbols are used as N sub-carrier signal 
components Sfo(i) Sn(I), - SfN_i(i), and the added steps are followed by step 
S2 to the end in Fig. 3. 

An embodiment of Fig. 10 is an embodiment of an OFCDM 
20 communication apparatus which uses plural routes from the data input 

terminal 6 to the serial-to-parallel converting part 12 in the Fig. 9 embodiment 
and spreads the outputs from those plural routes by different spreading codes, 
thereby permitting the use of a plurality of the same sub-carrier sets. 

As illustrated in Fig. 10, in this embodiment there are provided in the 
25 configuration of the Fig. 9 embodiment M similarly-configured sub-carrier 
generating parts 10] to 10 M each containing the pilot generating part 9, the 
multiplexing part 11, the serial-to-parallel converting part 12, the copying 
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parts 25! to 25j and the multipliers 27 0 to 27 N _i. The M is an integer equal to 
or greater than 2. Further, each sub-carrier generating part 10 m (l<m<M) 
has a short code generating part 26A in this example, and the short code 
generating parts 26A of the respective sub-carrier generating parts 10i to 10 M 
5 generates different short codes SC\ to SC M of the same code length. Each 
short code generating part 26 A provides the short code SC m to the multipliers 
27 0 to 27 N .i on a chip-by-chip basis. 

The outputs from the multipliers 27 0 to 27 N _i of each of the M 
sub-carrier generating parts 10i to 10 M are applied to a combining part 28, 

10 wherein the corresponding sub-carrier signal components are respectively 
combined into N combined sub-carrier signal components, which are 
provided to multipliers 29 0 to 29 N _i. The long code generating part 26B 
generates a long code LC, and provides one chip to each of the multipliers 29 0 
to 29 N _i every N chips for multiplication by the N outputs from the combining 

15 part 28, and the multiplied outputs are applied to the N subtractors 24 0 to 
24 N _i. The subsequent peak reduction processing is the same as in the case 
of the Fig. 1 embodiment, and as indicated by the broken line, the permissible 
peak level may be changed with the average power of the power amplifier 1 8 
as is the case with the Fig. 4 embodiment. 

20 Further, in the Fig. 1 0 embodiment, the short code generating part 26 A 

may be replaced with the spreading code generating part 26 that multiplies the 
short and long codes to provide the multiplied output, in which case the long 
code generating part 26B and the multipliers 29 0 to 29 N .i can be omitted. 
The Fig. 10 embodiment enables a plurality of users to use the N 

25 sub-carriers of the same set, and hence it has the advantage of high frequency 
utilization efficiency. Moreover, in the above embodiment the value of the 
spreading factor SF may be changed with the delay spread by the 
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multi-path — this indicates that the peak reduction scheme by the present 
invention is applicable to the VSF-OFCDM (Variable Spreading 
Factor-Orthogonal Frequency and Code Division Multiplexing) system now 
under study as a fourth-generation mobile communication system. 
5 In the transmitting procedure of the Fig. 10 embodiment, in step SI of 

the Fig. 3 procedure the input symbols of the plural routes are converted from 
serial to parallel form for each route, then the thus converted parallel symbols 
are copied into a number of N symbols, which are spread by spreading codes, 
and the corresponding spread symbols of the plural routes are combined to 

10 obtain N combined spread symbols as N sub-carrier signal components Sfo(i), 
Sfi(i), . . ., SfN_i. This is followed by step S2 to the end in Fig. 3. 

In the above-described embodiments of Figs. 1, 4, 9 and 10, since the 
values that each symbol can assume are predetermined, letting the number of 
such possible values be represented by K, the number of combinations of the 

15 N parallel outputs from the serial-to-parallel converting part 12 is K N . Since 
these combinations are predetermined, it is possible to precalculate the 
inverse Fourier transform for the respective combinations and prestore the 
calculated values in a memory and read out therefrom the inverse Fourier 
transform values corresponding to the N input signals to the inverse Fourier 

20 transform part 13. In such an instance, the inverse Fourier transform part 13 
itself is formed by a memory. The Fourier transform part 23 may also be 
formed by a memory. 

Furthermore, since combinations of the values that th inverse Fourier 
transform outputs can assume are also predetermined, predetermination of the 

25 permissible peak level C ih enables precalculation of the peak component by 
Eq. (5); accordingly, if a set of N outputs from the serial-to-parallel 
converting part 12 (or a set of N inputs to the inverse Fourier transform part 
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13) is given, it is possible to precalculate the final outputs from the inverse 
Fourier transform part 13 that would be obtained in the case of repeatedly 
performing the peak reduction processing until the detected peak becomes 
equal to or lower than the permissible peak level C xh . 
5 Hence, it is also possible to adopt a configuration in which: the 

outputs from the inverse Fourier transform part 1 3 provided by the peak 
reduction processing are prestored in a memory in correspondence to the 
respective sets of outputs from the serial-to-parallel conversion part 12 (or 
inputs to the inverse Fourier transform part 13); and during operation of the 

1 0 transmitting apparatus the inverse Fourier transform results after the peak 

reduction processing, corresponding to the outputs from the serial-to-parallel 
converting part 12 (the outputs from the multipliers 24 0 to 24 N .i in Figs. 9 and 
1 0), are read out from the memory and fed to the parallel-to-serial converting 
part 14. In such a case, the inverse Fourier transform part 13, the peak 

1 5 component detecting part 22, the Fourier transform part 23 and the subtractors 
24 0 to 24 N _i in Figs. 1, 4, 9 and 10 are formed in their entirety by one memory. 
FIRST EMBODIMENT OF RECEIVING APPARATUS 

Fig. 1 1 illustrates an example of the configuration of a receiving 
apparatus adapted for use with the transmitting apparatus according to the 

20 present invention. As is the case with an ordinary OFDM signal receiver, 
the illustrated receiving apparatus is provided with a local oscillator 42, a 
down-converting mixer 43, a guard interval removing circuit 44, a 
serial-to-parallel converting part 45, a Fourier transform part 46, a filtering 
part 47, a parallel-to-serial converting part 48, an error-correction decoding 

25 part 49, a reference pilot generating part 5 1 , and a channel estimating part 53 . 
In this embodiment there is further provided a peak reduction part 52 between 
the reference pilot generating part 51 and the channel estimating part 53. 
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An OFDM signal fed to a terminal 41 is converted by the 
down-converting mixer 43 by a local signal from the local oscillator 42 to a 
base band signal (or intermediate-frequency signal), then the guard interval is 
removed by the guard interval removing circuit 44 from the base band signal, 
5 and it is converted by the serial-to-parallel converting part 45 to parallel 
signals, which are subjected to Fourier transform processing in the Fourier 
transform part 46. The output signals from the Fourier transform part 46 are 
each provided as a received signal for each sub-carrier. In the filtering part 
47 channel transmission distortions are removed from these sub-carrier 
10 received signals, then the signals are converted by the parallel-to-serial 

converting part 48 to a serial signal, which is subjected to error-correction 
decoding in the error-correction decoding part 49 to demodulate the original 
signal. 

In the channel estimating part 53, during the pilot duration during 
15 which a signal pattern known to the receiving side is transmitted a channel 
estimation is made using a reference pilot signal from the reference pilot 
generating part 5 1 and the sub-carrier received signals. The channel 
estimation method for use in this case is, for example, to correlate the 
received signal and the reference pilot signal for each sub-carrier and obtain 
20 by calculation from the correlation, as a channel estimated value, filter 
coefficients representing inverse characteristics of the transmission 
characteristics of each channel, for example, FIR filter coefficients. 

Since the transmitting side performs peak reduction processing as 
described previously with reference to Figs. 1, 4 and 5, the received pilot 
25 signal of each sub-carrier is affected by the peak reduction processing as well 
as by the channel transmission characteristics. In view of this, in the 
receiving apparatus of Fig. 11 the reference pilot signal generated at the 
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receiving side is also subjected to the same peak reduction processing as at 
the transmitting side to thereby increase the accuracy of the channel 
estimation in the channel estimating part 53. 

Fig. 1 2 illustrates an example of the configuration of the peak 
5 reduction part 52. The constituent elements of this example are identical in 
construction and operation with the inverse Fourier transform part 13, the 
peak component detecting part 22, the Fourier transform part 23, the Fourier- 
transformed output signal control part 31, and the subtractors 24 0 to 24 N _i in 
the transmitting apparatus of Fig. 5; the reference pilot signals from the 

10 reference pilot generating part 51 are subjected to inverse Fourier transform 
processing in an inverse Fourier transform part 5 2 A, then peak components of 
the transformed outputs are detected in a peak component detecting part 52B, 
and those components under the permissible peak level C th are all set at zeros. 
The outputs from the peak component detecting part 52B are 

15 Fourier-transformed in a Fourier transform part 52C, then the transformed 

outputs are compared with the peak-reduced-signal permissible level P Lt h in a 
Fourier-transformed output signal control part 52D, and a component 
exceeding the permissible level is replaced with a predetermined value (the 
same value as that at the transmitting side) smaller than P Lth . The outputs 

20 from the Fourier-transformed output signal control part 52D are subtracted 'by 
subtractors 52Eo, . . 52E N _i from the reference pilot signals. The above 
processing is repeated until the detected levels of all components by the peak 
component detecting part 52B become equal to or lower than the permissible 
peak level C^, by which the same peak reduction processing as that for the 

25 pilot signal at the transmitting side is also carried out for the reference pilot 
signal at the receiving side. Accordingly, the difference between the 
sub-carrier received pilot signal applied to the channel estimating part 53 in 
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Fig. 1 1 and the peak-reduced reference pilot signal fed thereto from the peak 
reduction part 52 is only the distortion of the received pilot on the 
transmission line; hence, the channel estimation accuracy in the channel 
estimating part 53 can be enhanced. 
5 The channel estimating part 53 calculates, for each of the N channels, 

the correlation between the sub-carrier received pilot signal and the reference 
pilot signal subjected to the peak reduction processing in the peak reduction 
part 52, and calculates from the correlation, as a channel estimated value, for 
example, FIR filter coefficients representing the transmission line 

10 characteristics. The filtering part 47 calculates, from the filter characteristics 
of each channel, coefficients indicating inverse characteristics of the 
transmission line characteristics, and uses the inverse characteristic 
coefficients to perform FIR filtering of the sub-carrier received signal of the 
corresponding channel, thereby removing the transmission distortion from the 

15 received signal. The outputs from the filtering part 47 are converted by the 
parallel-to-serial converting part 48 to a serial signal, which is subjected to 
error-correction decoding in the error correction decoding part 49. 

With this receiving apparatus, during channel estimation the influence 
of the peak reduction processing, to which the received pilot signal was 

20 subjected at the transmitting side, is excluded to ensure accurate channel 
estimation, enabling the peak permissible level P Lth to be set high at the 
transmitting side accordingly. Since the amount of peak reduction can be 
increased in the transmitting apparatus, it is possible to decrease the backoff 
in the high-frequency power amplifier 1 8 correspondingly, permitting 

25 high-efficiency power amplification. 

In the case where the peak-reduced signal, which is the 
Fourier-transformed output, is subjected to various kinds of control 
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processing at the transmitting side, the same processing as at the transmitting 
side needs only to be performed by the Fourier-transformed output signal 
control part 52D shown in Fig. 12. 

SECOND EMBODIMENT OF RECEIVING APPARATUS 
5 The Fig. 1 1 embodiment has been described as being configured to 

perform, for the reference pilot signal, the same peak reduction processing as 
that at the transmitting side so as to ensure accurate channel estimation, but 
since the transmitting apparatuses of Figs. 1, 4 and 5 perform the peak 
reduction processing over the entire duration of the transmitting signal, the 

10 received signal is a peak-reduced signal, that is, a signal having its received 
characteristics deteriorated accordingly. If the characteristic deterioration is 
within permissible limits, the signal can be used intact; the second 
embodiment shown in Fig. 13 is configured to compensate for the 
characteristic degradation caused by the peak reduction processing at the 

15 transmitting side. That is, as depicted in Fig. 13, a peak-reduced signal 

generating part 54, adders 55 0 , 55 N .i, and a hard decision/parallel-to-serial 
converting part 56 are additionally provided in the Fig. 1 1 configuration. 
The hard decision/parallel-to-serial converting part 56 makes hard decisions 
on the outputs from the filtering part 47 and converts them from serial to 

20 parallel form and outputs a transmitted signal estimated value . Then 

peak-reduced signals generated from this transmitted signal estimated value in 
the peak-reduced signal generating part 54 are added by the adders 55 0 , . . ., 
55 N -i to the respective sub-carrier received signals outputted from the Fourier 
transform part 46. 

25 In Fig. 14 there is shown an example of the configuration of the 

peak-reduced signal generating part 54. A serial-to-parallel converting part 
54A, an inverse Fourier transform part 54B, a peak component detecting part 
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54C, a Fourier transform part 54D, and a Fourier-transformed output signal 
control part 54E in the illustrated example are identical in construction and 
operation with the serial-to-parallel converting part 12, the inverse Fourier 
transform part 13, the peak component detecting part 22, the Fourier 
5 transform part 23, and the Fourier- transformed output signal control part 3 1 in 
the transmitting apparatus of Fig. 5. That is, the transmitted signal estimated 
value is converted to parallel signals in the serial-to-parallel converting part 
5 4 A, then the thus obtained parallel signals are subjected to inverse Fourier 
transform processing in the inverse Fourier transform part 54B, then in the 

10 peak component detecting part 54C those components equal to or lower than 
the permissible peak level C t h are set at zeros, and the outputs are 
Fourier-transformed in the Fourier transform part 54D to generate 
peak-reduced signals. Further, in the Fourier-transformed output signal 
control part 54E those of the components in the peak-reduced signals which 

15 exceeds the peak-reduced signal permissible level P L th are set at a 

predetermined level (the same value as that at the transmitting side) equal to 
or lower than P Lth 

In a transmission line estimation filtering part 54F formed, for 
example, by an FIR filter, the outputs from the Fourier-transformed output 

20 signal control part 54E are filtered, respectively, using channel estimated 

values (FIR filter coefficients) representing transmission line characteristics 
from the channel estimating part 53, by which peak-reduced signals affected y 
the transmission line characteristics are generated. These peak-reduced 
signals are added by the adders 55 0 , 55 N _i in Fig. 13 to the respective 

25 sub-carrier received signals, by which the influence of the peak reduction 

processing carried out at the transmitting side is cancelled. Accordingly, the 
filtering part 47 provides, at its outputs, signals closer to the sub-carrier 
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signals of N channels that are outputs from the serial-to-parallel converting 
part 12 of the transmitting apparatus. 

In the case where the peak-reduced signal, which is the 
Fourier- transformed output, is subjected to various kinds of control 
5 processing at the transmitting side, the same processing as at the transmitting 
side needs only to be performed by the Fourier- trans formed output signal 
control part 54E shown in Fig. 14. 

THIRD EMBODIMENT OF RECEIVING APPARATUS 

Fig. 1 5 illustrates a third embodiment of the receiving apparatus 

10 adapted for use with the transmitting apparatus of the present invention. 

This embodiment is configured to use the demodulated signal from the error- 
correction decoding part 49, instead of using the transmitted signal estimated 
value by the hard decision/parallel-to-serial converting part 56, and the 
embodiment is identical with the Fig. 13 embodiment except the above. 

15 This receiving apparatus performs, in the first demodulation, the 

filtering, parallel-to-serial conversion and error-correction decoding through 
utilization of the sub-carrier received signals without adding the peak-reduced 
signals, and uses the thus obtained demodulated signal to generate 
peak-reduced signals in the peak-reduced signal generating part 54. Then 

20 these peak-reduced signals are added by the adders 55 0 to 55 N .j to the 

sub-carrier received signals, respectively, to cancel the peak-reduced signals 
subtracted at the transmitting side, and filtering, parallel-to-serial conversion 
and error-correction decoding are carried out again. 

To use, as the demodulated signal, the signal subjected to 

25 error-correction decoding is effective in the generation of the peak-reduced 
signals because it improves the quality of the demodulated signal for 
generating the peak-reduced signals, ensuring increased accuracy in their 



28 

generation. 

And, if necessary, by repeating a sequence of steps of generating 
peak-reduced signals from the above-mentioned demodulated signal and 
performing again filtering and decoding by use of the sub-carrier received 
5 signals added with the peak-reduced signals, it is possible to improve the 
accuracy of the peak-reduced signal generation, providing enhanced received 
characteristics. 

As regards the number of times the above processing is repeated, its 
upper limit may be preset taking into account the amount of signal processing 

10 or a delay by processing time, or it is also possible to evaluate the quality of 
received signals as by CRC and use the signal quality to decide whether to 
repeat the processing. 

In Fig. 12 showing the configuration of the peak reduction part 52 in 
Figs. 11,13 and 15, since the pattern of reference pilot signals is 

15 predetermined, all sets of values possible for the inputs to the inverse Fourier 
transform part 52A are predetermined. For each set of values an inverse 
Fourier transform can be precalculated; the calculated results can be used to 
calculate the outputs from the peak component detecting part 52B; the 
calculated outputs can be used to conduct the calculation of the Fourier 

20 transform part 52C; the Fourier- trans formed outputs can be used to calculate 
the outputs from the Fourier-transformed signal control part 52D; furthermore, 
the outputs can be used for subtraction by the subtractors 52E, . . ., 52EN-1 
from the reference pilot signals. In other words, for the input reference pilot 
signals, peak-reduced reference pilot signals can be precalculated. Hence, 

25 by forming the peak reduction part 52 by a memory and by prestoring the 
peak-reduced reference pilot signals in the memory in correspondence to the 
precalculated reference pilot signals, it is possible to avoid the need for 
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real-time calculations such as inverse Fourier transform and Fourier transform, 
and hence increase the processing speed. 



EFFECT OF THE INVENTION 
5 The graph of Fig. 16A shows the cumulative frequency distribution 

with respect to the power/average power ratio in the case where in the Fig. 1 
embodiment the sub-carrier number N was 128 and 10 symbols were 
transmitted by each sub-carrier. The curve A-l indicates the case no peak 
suppression was carried out, whereas the curve A-2 indicates the case where 

1 0 the peak suppression was carried out with the permissible peak level C t h set at 
an average power 3 dB. From this graph it is seen that the percentage of 
symbols with the power/average power ratio exceeding 3 dB is reduced down 
to zero by the peak suppression according to the present invention. 

In Fig. 16B the curves B-3 and B-2 indicate Eb/No (energy per 

15 bit/noise level) vs. BER (Bit Error Rate) characteristics in the case where the 
peak level C t h is 3 dB and 6 dB, respectively, and the curve B-l indicates the 
BER characteristic in the case where no peak suppression is carried out. 
From this graph it is seen that the amount of deterioration of the received 
characteristics by the peak power reduction processing according to the 

20 present invention is small and that even when the permissible peak level C t h is 
3 dB, the deterioration is within a permissible range of about 1 dB with 
BER=10~ 3 . 

Fig. 1 7 is a graph showing the effect of the Fig. 1 embodiment 
according to the present invention. In the graph there is shown an example 
25 where 7th, 8th, 9th, 51st, 52nd and 53rd ones of 128 sub-carriers, that is, six 
of them, cannot be used. The permissible peak level C t h for the average 
power is set at 3 dB. It can be seen that with one time of peak reduction 
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processing, the peak component does become equal to or lower than the 
permissible peak level as indicated by the curve 7-2, whereas with two and 
three iterations of peak reduction processing, the peak component becomes 
equal to or lower than the permissible peak level as indicated by the curves 
5 7-3 and 7-4. The curve 7-1 indicates the case where no peak reduction 
processing is performed. 

As described above, the invention permits effective reduction of the 
peak power of the OFDM signal or OFCDM signal, and hence reduces the 
maximum output of the transmitting power amplifier 18, permitting 
10 improvement of its power efficiency and reduction of its cost. 
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